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In the open and coastal ocean, primary productivity is derived largely from 
phytoplankton. Diatoms are a major group of phytoplankton that account for almost half 
of all oceanic primary production. Sinking is a fundamental aspect of diatom ecology 
usually linked to loss process but is important in vertical migration for nutrient uptake, 
avoidance of predators, and completion of lifecycle events. Sinking is tightly linked to 
both physiological state and size of diatom cells. Oil spills are one of the many stressors 
now evident in the marine environment. Since diatom physiology is generally adversely 
affected by crude oil in the form of growth inhibition, reduced photosynthesis, and cell 
death, it was hypothesized that diatom sinking would be adversely affected by the 
addition of crude oil, and that increasing concentration, time, and the addition of 
chemical dispersant would magnify this effect. There has been no previous study 
attempting to quantify how diatom sinking is affected by the presence of crude oil and 
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chemical dispersant. In this study, laboratory cultures of diatom species were 
experimentally treated with crude oil, dispersant, and a mixture that was filmed at three 
timepoints over the course of a week. Images were processed with ImageJ to quantify 
individual trajectories. There were 20-50 cells examined per treatment, with a goal of 50 
observed cells. Killed cells showed higher average sinking rates (C. wailesii=93.7 ± 32.9 
m day-1, H. cuneformis= 22.9 ± 5.37 m day-1) than the highest observed treatment (C. 
wailesii=65.9 ± 26.9 m day-1, H. cuneformis=20 ± 5.66 m day-1). There was no clear 
trend of increased mean sinking rate with respect to treatment or time. Clear dose-
response curves for sinking were not evident.  Skewness and kurtosis was calculated for 
each treatment to examine changes in the frequency distributions of sinking rate 
histograms, and compared to the controls to observe any patterns of change in central 
tendency or kurtosis. There was no trend with respect to skewness or kurtosis, although 
the data suggests there may be species-specific differences in response in H. cuneformis 
and Skeletonema spp. treatments, where one side of the skewness axis was favored. The 
data suggests that exposure to crude oil and chemical dispersant does not elicit a clear 
increase in sinking rate.  If these results can be generalized to the field, then diatom 
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 Water samples were collected by plankton net tows (20 µm mesh size, 28 cm 
diameter) conducted in surface waters off the UTMSI ship channel pier. Sampling lasted 
two minutes and coincided with incoming tidal movement to capture coastal species of 
diatoms.  
 Qualitative light microscopy analysis using an Olympus BZH light microscope (6 
v, 20 w) was used to identify the phytoplankton community. Individual cells were picked 
out by isolation pipette. Sequential rinses through a 9-well depression plate containing 
sterile medium was done multiple times to ensure a unialgal culture. Between each use, 
the mouth pipette was immersed in milli-Q® water maintained above 60° C to eliminate 
contamination. Each cell was initially placed into a glass test tube with 20-30 mL of 
sterile media (MET-44) until growth was observed, and then transferred to 250 mL 
polystryene culturing flasks for propagation (Schöne & Schöne 1982). Coscinodiscus 
wailesii (isolated 1/3/2015, average size 8,140,000 µm3, standard deviation  ± 1,520,000 
µm3), Pseudosolenia calcar-avis (isolated 8/21/2015, avg 41,000 µm3, sd ± 9,100 µm3), 
Skeletonema spp. (isolated 9/13/2015, avg 15,000 µm3, sd ± 2,400 µm3), and Hemidiscus 
cuneiformis (isolated 10/1/2015, avg 4,520,000 µm3, sd ± 910,000 µm3) are the species 
used in this study (Fig. 11). These averages were generated from 30 random cells in the 
initial control population; the standard deviation is ~20% of each average. C.wailesii, 
P.calcar-avis, and Skeletonema spp. are a cylindrical shape and cell volume was 
calculated with V=πr2h; H.cuneformis is a wedge shaped and measured to be roughly a 
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quarter of a sphere, so cell volume was calculated by V=(4/3πr3)/4. Cell dimensions were 
measured through Image-J. 	
 
MEDIA PREPARATION 
 Seawater was collected from the UTMSI flowing seawater system and filtered 
through a 47mm glass fiber/f (GF/F) filter. After MET-44 (Schöne and Schöne 1982) 
nutrient addition, media was filtered through Nalgene rapid flow sterile filtration before 
use in cultures. 
 
CELL CULTURING  
 Successful phytoplankton monocultures of C. wailesii, Pseudosolenia calcar-avis, 
Skeletonema spp., Hemidiscus cuneformis were placed in walk-in incubators maintained 
at 20-23°C on 12:12 light/dark cycles. The cells were grown in a constant light level of 
136.12 µE m-2sec-1, which was measured using a Lab Quantum Scalar Irradiance Meter. 
Growth media in the cultures was diluted every five days to insure exponential growth 
phases.  
 
EXPERIMENTAL TREATMENT TO CRUDE OIL 
After ~ 2 weeks of growth, cells were exposed to LSC oil (Source oil from Marlin 
Platform Dorado collected 2/1/2012) prepared with a water-accommodated fraction 
(WAF) technique that was prepared according to the method described in The Chemical 
Response to Oil Spills: Ecological Research Forum (CROSERF) (Aurand & Coelho 
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2005, Ozhan and Bargu 2014b). WAF was prepared with filtered (0.7 µm) and 
autoclaved GoM seawater (Salinity:32-35) in 1-L Pyrex, valved-outlet glass bottles. The 
oil (200 g) was added by weight difference with a gas-tight Hamilton© syringe into 800 
mL of seawater and mixed at a stirring rate of 140-160 rpm with a 1-inch stir bar (Figure 
12). The chemically enhanced water-accommodated fraction (CEWAF) was prepared in 
the same method at a higher mixing rate (~650 rpm), with an addition of chemical 
dispersant COREXIT 9500a at a 1:100 oil:dispersant ratio. After 24 hours of mixing, 
both mixtures were settled for 4 hours and drawn out through a valve on the bottom of 
the bottle to avoid disturbing the oil-water interface before immediate use in treatments. 
50 mL samples for chemical analysis were collected in amber glass jars and stored at 
4°C. The lower concentrations for each treatment below were used in our first experiment 
with C.wailesii. No significant effect on sinking rates was observed, and increased oil 
concentrations were used in subsequent experiments. There were seven treatments of 350 
mL in separate 500 mL glass Erlenmeyer flasks:  
1. Control flask with no addition 
2. Low WAF (2.5-10 ppm Total petroleum hydrocarbon (TPH)) 
3. High WAF (10-100 ppm) 
4. Low Dispersant (0.125-0.5 ppm) 
5. High Dispersant (0.5-5 ppm) 
6. Low CEWAF (2.5-10 ppm TPH + 1:100 ratio of Corexit 9500A) 
7. High CEWAF (10-100 ppm TPH + 1:100 ratio of Corexit 9500A).  
15	
	
These concentrations are values used and shown to have sub-lethal effects on 
phytoplankton (Hook and Osborn 2014, Harrison et al. 1986, Ozhan and Bargu 2014b). 
The estimated lower range of concentrations was used for C. wailesii and when no effect 
was observed we used the estimated higher end of concentrations for the subsequent 
species. Experimental treatments were compared to heat killed controls (60°C) for C. 
wailesii and H. cuneformis. P. calcar-avis and Skeletonema spp. did not have a heat 
killed treatment as the cultures died after the experimental treatments but before the heat 
killed control experiment. 
 
STABLE HALOCLINE FORMATION 
 Individual particle tracking was used to measure cell sinking rates. This requires a 
stable water column to accurately measure speeds without convection as a factor. The 
stable water column was established by a salinity gradient (O’ Brien et al. 2006) where 
filtered seawater was pumped by a Carter 4/8 cassette pump (Item number 72-320-048) 
into two chambers (Tube diameter: 0.15 mm) (O’Brien et al. 2006). There was a high 
(~35 psu) salinity chamber connected to a low (~27 psu) salinity chamber with a mixing 
bar. Seawater was pumped into a plexi-glass column (5.7 cm x 6.5 cm x 20.5 cm, 700 ml 
seawater volume) from the lower salinity chamber that became increasingly more saline 
and dense as the removed water was replaced by water from the higher salinity chamber 
(Fig. 13). This two-tank method for creating a stable density gradient is explained in 
further detail by Hill (2002).  
16	
	
The resulting water column is a continuous salinity gradient with a 2 psu 
difference from the top and bottom (27-29 psu), which was measured by taking seawater 
aliquots from the top, middle, and bottom of the column. The experimental room was 
kept at a constant temperature (24°C). Filming of injected dye in tests shows that there 
was no convection or mixing of layers of seawater over the course of several days. 
Density gradients may introduce a problem in measurement as the sinking cell encounters 
increasing viscosity and density (Walsby & Holland 2006); however, our salinity 
differences within our filming window only results in a calculated change in water 
density of 0.0001 kg/m3 (997.347 kg/m3 to 997.3471 kg/m3), assuming constant pressure 
(1 atm) and temperature (24°C).   
 
FILMING 
 Cells were either added to the top of the column by pipette or gently added to the 
low salinity chamber during mixing, depending on size (Fig. 14) and filmed using a 
Nikon D7100 camera with 68mm extension rings and an af-s micro-Nikkor 105 mm lens 
(aperture f/ 2.8) at a rate of 24 frames per second. A light source (175 w) was placed 45 
cm away from the column pointed at the middle of the column (Fig. 13). The filming 
window was 1.8 cm x 1.9 cm, with a focus depth of 2.6 cm near the middle of the 
column, with clearance to wall of ~3 cm. Initial experiments with C. wailesii were 
conducted at 1, 6, and 24 hour points.  Subsequent experiments were sampled at over a 7-
day time series at one hour, one day, and one week time points after the initial 





 Videos were roughly 8 minutes in length, with the objective to capture 50 cells 
per treatment. Videos (.mov format) were converted to image sequences (.tiff format) 
using Quicktime Pro, and then analyzed through freeware Image-J, with a 2D particle 
tracking MOSAIC plug-in (Sbalzarini & Koumoutsakos 2005). This allowed tracking of 
individual particle sinking rates; cells in focus were visually chosen to ensure cells near 
walls potentially experiencing drag effects were not measured (Brenner 1962). A frame 
of an image sequence of H. cuneformis (Fig. 15) is presented as an example. Trajectories 
were then quantified in MS Excel based on how many pixels the cell traveled per second. 
Histograms were constructed from each individual diatom particle sinking rates using the 
average velocity (m sec-1) to show the sinking distributions in a given treatment. 
 Means and medians were recorded for each treatment to observe any trends over 
time and treatment level. A chi-squared analysis was used to determine if there were 
significant differences between distributions of each experimental treatment and the 
control for that time point. Using open source statistical software R, the skewness and 
kurtosis of each treatment was calculated and compared to visualize any changes in 
central tendency or kurtosis. The skewness represents the lack of symmetry in the 








POPULATION SINKING CHARACTERISTICS 
 The cell volume of the four species was calculated from measurements of 30 cells 
for each species (Fig. 16). C. wailesii (8,140,000 µm3) had a larger cell volume than any 
other species, followed by H. cuneformis (4,500,000 µm3), P. calcar-avis (41,000 µm3), 
then Skeletonema spp. (15,000 µm3). C. wailesii, and H. cuneformis are solitary cells, and 
P. calcar-avis was also recorded as single cells due to weak chain linkages that often 
broke during filming. Skeletonema spp. is a chain-forming diatom and averaged short 4-6 
cell chains in our recordings. Cell sizes were consistent, each species had a ~20% average 
deviation in cell size. C. wailesii, P. calcar-avis, and Skeletonema spp. are cylindrically 
shaped, although C. wailesii has a much greater radius. H. cuneformis is a wedge shaped 
diatom. 
  Sinking speeds of a heat-killed population was quantified for C. wailesii and H. 
cuneformis (Fig. 17). This represented the maximum sinking velocity that a cell of that 
size, as dead cells would sink solely based on the physical factors of cell size and shape at 
that density (Smayda 1974). The average sinking speed of the heat killed treatments (Fig. 
17) for C. wailesii (n=30, 93.7 ± 32.9 m d-1) and H. cuneformis (n=50, 22.9 ± 5.37 m d-1) 
was higher than the maximum speeds reached in any experimental treatment show in 
Figure 19 (C. wailesii=65.9 ± 26.9 m d-1, H. cuneformis=20 ± 5.66 m d-1).  
The sinking speed ranges of the four species increased with their calculated cell 
volume (Fig. 18). C. wailesii had the highest velocities and ranged from 30.4 m day-1 to 
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65.9 m day-1, H. cuneformis from 12.4 m d-1 to 20 m d-1, P. calcar-avis from 1.41 m d-1 to 
3.45 m d-1, and Skeletonema spp. from 1.09 to 4.01 m d-1. Unpaired T-tests of heat killed 
treatments to average control treatments for both C. wailesii (avg=45.7 ± 17.5 m d-1, 
n=84) and H. cuneformis (avg=14.0 ± 4.06 m d-1, n=166) showed a significant difference 
with a p value of <0.00001. This verifies that the treatments had a sub lethal effect, as 
maximum sinking velocities were not reached for these two species. 
 
EFFECT OF CRUDE OIL ON MEAN SINKING SPEED 
 Particle tracking results in 40-50 separate measurements of individual cells that 
comprise the population. Unlike traditional bulk methods, a histogram of results is a 
representation of how sinking speeds vary within the sample. Histograms of all species 
over time (Fig. 19a-d) visually represent the population distribution shape by treatment. 
A typical dose yield response curve would shift the population distribution to the right. 
Means and error bars representing standard deviation are generated from this data to 
examine the effects of treatment and time. There is no consistent increase or decrease in 
mean sinking speeds relative to the control in C. wailesii, P. calcar-avis, and 
Skeletonema spp., (Fig. 20) while in H. cuneformis all oil treatments exhibited an 
increased sinking speed except the one-week high oil treatment.  
The treatment concetrations used for C. waileseii were 10% of the concentrations 
used in our other species. Histograms of C. wailesii (Fig. 19a) did not show a typical 
yield-dose response curve of population shift in most treatments. C. wailesii at the 1-hour 
time point (Fig. 20) showed no visual increase in mean sinking rate relative to the 
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control. At the 6-hour time point C. wailesii showed a slight increase in sinking rate 
relative to the control. At the 24-hour time point C. wailesii showed increased sinking in 
the low oil treatment, but a decrease in the high oil treatment. Chi-squared analysis was 
used to test if treatments were significantly different from the control, as visual 
representation was difficult to interpret. Chi-squared analysis (Table 3) notes significant 
differences from the control in all time points with a p-value of <0.05. While the 
distributions were significantly different than the controls, the change in means was 
unpredictable, with both increases and decreases with treatments. 
Histograms of P.calcar-avis showed this unpredictable yield-dose response in the 
low oil treatment (Fig. 19b). P.calcar-avis showed a slightly decreased sinking speed 
(Fig. 20) in the 1-hour and 1-day oil treatments but an increase in the high oil treatment at 
all time points, with significant differences (p-value <0.05) in all treatments from chi-
squared analysis (Table 3).  
Histograms of Skeletonema spp. (Fig. 19c) did not show a typical yield-dose 
response over time in any treatment. None of the treatments (Fig. 20) showed a consistent 
increase in mean sinking speed. Skeletonema spp. showed no significant difference from 
the chi-squared analysis (Table 3) for the low oil treatment at the 1-hour mark (p-
value=0.06), and also in the high oil treatment at the 1-hour (p-value=0.99) and 1-day 
time point (p-value=0.38). The 1-week time point noted significant differences in both oil 




Histograms of H. cuneformis (Fig. 19d) and mean sinking speeds of treatment 
(Fig. 20) do show an increase in sinking speed in all oil treatments except the 1-week 
high oil. H. cuneformis had significant chi-squared differences (Table 3) except in the 1-
week low oil treatment (p-value=0.14).  
  
EFFECT OF DISPERSANT ON MEAN SINKING SPEED 
The low dispersant treatment in C. wailesii resulted in no increase in sinking 
speed at the 1-hour time point, but resulted in increases in sinking speed at 6-hours and 
24-hours (Fig. 20). High dispersant treatments showed increased sinking rate at all time 
points for C. wailesii. All dispersant treatments were significantly different from the 
control (Table 3) with a p-value of <0.05.  
P. calcar-avis showed increased sinking relative to the control in all dispersant 
treatments at all time points except the 1-week high dispersant treatment. All dispersant 
treatments were significantly different from the control (Table 3) with a p-value of <0.05. 
Skeletonema spp. had similar or decreased sinking speeds in all dispersant 
treatments except the initial high dispersant treatment (Fig. 20) although the abnormally 
high values suggest error. All dispersant treatments were significantly different from the 
control (Table 3) with a p-value of <0.05. 
H. cuneformis shows an increase in sinking rate (Fig. 20) with all dispersant 
treatments except the 1-week low dispersant treatment. Chi-squared analysis shows 
significant differences in all dispersant treatments except the 1-week low dispersant in H. 
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cuneformis. The initial high dispersant exposure treatment in all species caused a large 
increase in mean sinking rate (Fig. 20). 
 
EFFECT OF CRUDE OIL AND DISPERSANT MIXTURE ON MEAN SINKING 
SPEED 
 Addition of crude oil and chemical dispersant in most treatments did not result in 
a consistent yield dose response of mean sinking rate relative to the controls with respect 
to concentration (Fig. 20). Chi squared analysis shows significant differences from the 
control in all treatments except the 1-day low mixture treatment with a p-value of <0.05. 
The highest recorded sinking values for each species except Skeletonema spp. was in one 
of the high mixture treatment time points. In C. wailesii, the 6-hour and 24-hour time 
point mixture treatments both showed increases relative to the control. P. calcar-avis 
showed increased sinking speeds for both mixture treatments at the 1-week time point. 
Skeletonema spp. had decreased sinking speeds for both mixture treatments at all time 
points except the 1-hour low mixture treatment. H. cuneformis showed increased sinking 
speeds for both mixture treatments at all time points.   
 
EFFECT OF TIME ON MEAN SINKING SPEED 
 The time series (Fig. 21) of C. wailesii shows an increase in the low oil treatment 
and low mixture treatment, and decreases in the high dispersant treatment. Other 
treatments exhibited stagnant, increased, and/or decreased sinking over time. In P. 
calcar-avis, there was no clear trend over time except the high mixture treatment (Fig. 
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21). Skeletonema spp. showed an increase in the low oil treatment and high mixture 
treatments, with a decrease over time in the low mixture treatment (Fig. 21). H. 
cuneformis (Fig. 21) showed a decrease in the high oil treatment and high mixture 
treatment. A consistent trend among species is that the low oil treatment tended to 
increase sinking speed over time, while the higher oil treatment tended to decrease 
sinking.  
 
POPULATION DISTRIBUTION BY SKEWNESS VERSUS KURTOSIS 
 Population distribution characteristics are compared to the expected distribution 
of the control by use of the chi-square value. Significant differences indicate changes in 
the distribution although the means may not show apparent differences. The skewness 
and kurtosis values assist in visualizing any changes in central tendency or kurtosis. The 
calculated values themselves show no clear trend (Table 4) within treatment levels. A 
skewness kurtosis bi-plot is an easier way to visualize the data matrix (Fig. 22). 
Skeletonema spp. tends to have higher skewness values, representing a left skew, while 
H. cuneformis tends to stay normally distributed or skewed to the right. H. cuneformis 
also showed a trend in kurtosis values, where the weekly treatments showed the tendency 









 The goals of this study were to (1) determine whether crude oil elicits a change in 
the sinking response in marine diatoms and (2) whether these effects change over time, 
with higher concentrations, and with the addition of chemical dispersant. This allows a 
generalized understanding of how diatom sinking is affected in the presence of crude oil 
and chemical dispersant. This study utilized crude oil concentrations known to be sub-
lethal to a variety of marine phytoplankton (Ozhan & Bargu 2014b, Ozhan et al. 2014b).  
The sinking rates in experiemental treatments were less than the dead cell sinking rates, 
indicating that the oil exposure did not kill the cells.  With the water-accommodated 
fraction technique, physical effects of large oil droplets such as adhesion to the frustule 
can be negated and thus only physiological effects  on sinking rates were observed.  
Similar to Harrison et al.’s observations (1986), there was no clear increase in 
sinking rate with oil and dispersant exposure in most treatments. However, Harrison et al. 
(1986) recorded a enclosed population with many changing variables over time such as 
nutrient concentration, nitrogen transport rates, chlorophyll a, and abundance over time, 
while our experiment was a controlled study on just the effects of crude oil and 
dispersant. While there were increases in sinking rate in some experimental conditions, 
the overall pattern was not indicative of an oil-effect on sinking rates. The calculated 
mean sinking rates from each population showed no consistent trend with treatment, 
concentration, or time except H. cuneformis. H. cuneformis exhibited an increased 
sinking rate in all treatments at all time points (Fig. 21) except the 1-week low dispersant 
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treatment. This was the only species to show a yield-dose response with respect to each 
time point. The variation in sinking ranges from all treatments implies that any effects are 
subtle and less than the variation induced by the measurement technique. There were 
significant differences in most distributions relative to the control according to the chi-
squared analysis, but no consistent changes with respect to any treatment. While not 
predictable, the highest sinking speeds were found in one of the time points of the highest 
treatment mixture of crude oil and dispersant. It is hard to define if these effects were 
significant as no typical yield-dose response was shown except in H. cuneformis. This 
method of video filming may not have allowed clear resolution of the population sinking 
rate, which is discussed below. 
The time series (Fig. 21) of each treatment shows there is no well-defined 
correlation within treatment type. Kurtosis and skewness were calculated to find other 
trends in population distribution besides mean sinking rate. Changes in central tendency 
and kurtosis did not bring to light any potential shifts in population distribution, although 
there are likely species-specific responses to these treatments. This is apparent in the bi-
plot of skewness and kurtosis (Fig. 22) that shows H. cuneformis populations are 
generally situated on the higher end of the skewness scale, so the population is shifted to 
the left. Another trend in skewness is observed for Skeletonema spp. where populations 
are generally located on the lower end of the scale and thus shifted to the right. We would 
expect species that are increasing sinking rate in response to the treatments would 
respond by shifting the histogram to the right, therefore Skeletonema spp. is possibly 
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showing the most sensitivity to our treatments although effects are still difficult to 
quantify.  
 Diatoms are likely physiologically taxed from the experimental treatments, as 
similar concentrations have shown detrimental effects to marine diatoms (Pulich et al. 
1974, Harrison et al. 1986, Parson et al. 1976, Lee et al. 1977, Hsiao et al. 1987). Also, 
less cell growth and increased mucilage was observed with the oil and oil & dispersant 
treatments, although these parameters were not quantified in this experiment. However, 
in this case, crude oil and chemical dispersant do not consistently elicit an increased 
sinking response. There has been one other chemical physiological stressor study on 
diatom sinking rate; Smayda (1974) found increased sinking rates in two freshwater 
diatoms Asterionella formosa and Tabellaria flocculosa with treatment of isopropanol 
and butanol. It is difficult to extrapolate results from this work and ours because Smayda 
(1974) used settling columns, which have been shown to have differences from the video-
filming method (O’ Brien et al. 2006). However, it shows that phytoplankton sinking is 
affected by physiological stress, in which case it would have been helpful to assess the 
physiological state of the cells in our experimental treatments.  
There are also other factors that must be considered for analysis in this work, for 
example the nature of this filming method only captures a fraction of the population, and 
thus may not be a full representation of the sinking distribution. Also, while sinking rates 
are thought to be constant in marine phytoplankton which may not be the case. Recent 
observations indicate that C. wailesii and H. cuneformis instantaneously modifying their 
sinking acceleration rates (Gemmell et al. in prep). The lack of a typical dose-response 
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curve in these treatments is puzzling.   Even with the these potential sources of variation; 
if the mean sinking rate of the population shifted right, the effect should be amplified by 
our filming methodology, as these cells would appear first in our viewing window.  
 Diatom sinking is an important characteristic to better understand their population 
success and distribution within the water column, as well as an important metric of 
information for oceanic carbon budgets. This was the first laboratory controlled study to 
quantify how diatom sinking is affected by crude oil and chemical dispersant. The next 
step would be to assess the full sinking distribution tendencies within natural populations 
and to find a concentration of oil that will definitively elicit a sinking response in 
diatoms. This study observed a pattern of no tangible effect of crude oil and chemical 
dispersant on diatom sinking rates and suggests that, single cell diatom loss through 
sinking will not be enhanced by exposure to crude oil and chemical dispersant. The lack 
of a sinking response warrants further studies into how they are physiologically affected 
by crude oil, along with studies on the biophysical model of phytoplankton suspension as 
suggested by Smayda (1974).  
This new method of observing particle sinking studies shows promise in a variety 
of studies, although more work is needed to fully verify its accuracy in capturing the full 
range of sinking distributions for phytoplankton. The major caveats in using this 
technique for sinking studies are that it does not capture the full population and likely 
misses many slower sinking cells. When compared to SETCOL rates, the video filming 
method records higher sinking speeds (O’Brien et al. 2006), strengthening the idea that 
this technique is limited in capturing the slowest sinking cells within a population. A 
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deeper comparison to the SETCOL technique and the laser-scanning method would help 
verify its accuracy. A limitation in the recording time is that increasing video length 
exponentially increases compete processing time. One way to overcome this hurdle is by 
fully filming control populations and comparing it to shortened videos to establish how 
much distributions differ. If this technique can successfully be implemented for 
phytoplankton it will help quantify the differences in sinking within a population that can 































1.5-26 x 103 
 
Table 1: A comparison of phytoplankton sinking rates in various conditions. Palmelloid 
is a stage where cells are attached to a mucilage matrix. Shows there are variable sinking 






























Table 2: Historical cell death responses of phytoplankton to crude oil in previous studies. 
Shows historic dosage as EC50, which represents growth inhibition. For Ditylum 
brightwelli, a concentration of 2.50 mg L-1 resulted in EC50 in growth inhibition. From 
























    
a. Coscinodiscus wailesii  
 






c. Skeletonema spp.    
 
    
d. Hemidiscus cuneformis 
 
Table 3: Chi squared analysis of all treatments. Yes (Y) represents a 95% confidence 
interval that the treatment is significantly different from the control in terms of its 
distribution. The kurtosis and skewness were also analyzed to parse out any potential 








Figure 1: Conceptual model of diatom sinking control during a spring bloom. A. Light 
and nutrients are saturating, and cell sinking rates are limited by light availability. B. 
Limiting nutrients cause cells to either not respond (1) or leave the photic zone (2). 
Shows how biotic factors can control diatom distribution within a water column. From 









Figure 2: The relation of average sinking rate of unicellular diatoms from cultures and the 
average cell diameter. Sinking rate to cell diameter in unicellular diatom cultures. From 
Eppley et al. 1967, with included data from Gross & Zeuthen 1948, Smayda & Boleyn 





















Figure 3: Sinking rates of Ditylum brightwellii in three hypothetical states. Differing 
physiological states: A. Neutrally-buoyant cells. B. Growing cells. C. Senescent cells. 
The vertical arrow indicates the range of sinking rates for growing cells. Sinking rates 





















Figure 4: Sinking rates of Skeletonema costatum 
(a) Size to sinking rate data of Skeletonema costatum from VIDEO.  
(b) Histogram of sinking-rate measured using the VIDEO method. 
Cells were present as a single cell or very short chains. In (b), the mean sinking rates 
indicated by SETCOL and VIDEO methods are noted and show differences in mean 












Figure 5: Fate of marine oil spills. A schematic representing all the considered factors of 
how a marine oil spill interacts with the water column. There are many interactions that 

















Figure 6: Mucous rich marine snow aggregates. Photographs of large, mucous rich 
marine snow particles in the surface shortly after the Deepwater Horizon spill. From 







Figure 7: Changes in particulate oil concentration in CEE-3 (oil and dispersant). There 
were three depth intervals: 0-5 (Black dot), 5-10 (White dot) and 10-13 (Black triangle). 













Figure 8: Diatom growth rate curve in Corexit and Corexit & LSC mixtures. Two species 
of diatoms and their abundance over a 12 day time period. Growth inhibition is observed 




















Figure 9: Growth rate inhibition of various diatom species with PAH. There is a 
correlation of increased growth rate inhibition with increased PAH concentration. From 














Figure 10: Changes in nutrients, chlorophyll a, and sinking rate of phytoplankton in 
experimental mesocosms. No observed sinking rate change with treatment; sinking rate 















Figure 11: Species used in this study. Clockwise from the top left: Coscinodiscus 















Figure 12: WAF and CEWAF preparation on low mixing shaker tables. A stir bar is used 
to slowly mix the oil and water for 24 hours, and then a 6 hour settling time is applied. 
The WAF and CEWAF is then extracted from the bottom valve to avoid disturbing the 














Figure 13: Imaging technique for phytoplankton sinking. Video records cells as they sink 
through a salinity gradient. Water is pumped from the primary filler tank (a) into the 
settling tank using a foot diffuser. Once the settling tank is filled (b), a light source is 
used to illuminate the column, and then particles are filmed (c) using a ruler for scale. 

































Figure 14: Diatom cells (Coscinodiscus spp.) sinking down a halocline. Color differences 

















Figure 15: Individual particle trajectories. The lines represent the individual trajectories 
of H. cuneformis tracked by Image-J. In this case, the green, red, and purple trajectories 














Figure 16: Cell volume calculations of the observed species. C. wailseii was by far the 
largest cell, followed by H. cuneiformis, and then P. calcar-avis, and Skeletonema spp. 
The average cell size (n=30) is listed above each species, and error bars represent 








































Figure 17: Heat-killed populations of C. wailesii (a) and H. cuneformis (b). Average 





















Figure 18: Cell volume range to average sinking velocities. The data presented is 
recorded from this experiment. Different colors represent different species, horizontal 
black lines are the average cell volume per species, and the vertical black lines are the 
average sinking volume per species. A linear regression was run using the sinking speeds 
and the average size of each species. The single points represent the heat-killed samples 





Figure 19: Treatment histograms by species. 
a: Time series matrix for C. wailesii. From left to right represents increasing time period 
in each treatment. WL=Low WAF, WH=High WAF, DL=Low Dispersant, DH=High 
Dispersant, CL=Low CEWAF, CH=High CEWAF. Error bars are noted in Figure 20 and 




Figure 19b: Time series matrix for P. calcar-avis. There is one missing time point in P. 

















Figure 20: Mean sinking speeds of treatments per time point. Numbers at the base of each 









Figure 21: Mean sinking speeds of each treatment over time. Each color represents a 
different species: Blue=C. wailesii, Orange=P. calcar-avis, Purple=Skeletonema spp., 








Figure 22: A bi-plot of Skewness vs. Kurtosis with all treatments. The Kurtosis 
represents the peak intensity of the distribution while the skewness is the lack of 
symmetry in either direction. Higher kurtosis values represent a stronger peak, while 
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